Introduction
The long-term health of a firm is determined by the quality of its investments. In a typical firm, capital is allocated to investment projects based on reports by division managers who have access to private information about project quality. The eventual success of any project may also require the input and cooperation of other managers who control access to valuable resources within the firm.
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The firm, however, may not be able to either independently verify the managers' reports or monitor the actions of managers to ensure that they are deploying and sharing their resources appropriately.
Thus, to secure its long-term health, the firm must provide incentives to encourage truthful information and the appropriate utilization of managerial resources.
In this paper, we present a simple model to illustrate these information and incentive problems in a multi-division firm. Specifically, we consider a firm with unlimited access to capital and two investment projects. The optimal amount of capital to allocate to each project depends on its quality which is unknown to the firm's headquarters. For each project, however, the firm can hire a risk-neutral manager with private information which is useful for assessing the quality of both projects. Once hired, each manager reports her information (not necessarily truthfully) to headquarters which then allocates capital according to the reports. The veracity of the reports is assumed to be non-verifiable and non-contractible. Once capital is allocated, project cash flows can be enhanced by either or both managers by deploying resources under their control. The use of these resources is assumed to be privately costly, non-verifiable, and non-contractible. l  i  c  i  t  l  y  m  o  d  e  l  t  h  e  p  r  o  d  u  c  t  i  v  e  r  o  l  e  o  f  h  e  a  du  a  r  t  e  r  s  t  o  h  e  l  p  u  n  d  e  r  s  t  a  n  d  t  h  e  c  o  s  t  s  a  n  d  b  e  n  e  fi  t  s  o  f  i  n  t  e  r  n  a  l  a  n  d  e  x  t  e  r  n  a  l  c  a  p  i  t  a  l  m  a  r  k  e  t  s  . To fix ideas, consider a firm with two divisions selling computer hardware and services. Each division has a manager with private information about the demand for its product obtained from extensive time in the field. The demand for hardware is related to the demand for services (and vice-versa) so each manager's private information is relevant for assessing the quality of investment projects in both divisions. Moreover, each manager controls resources that are valuable to both projects; for example, the hardware division manager may have relationships with buyers that can be exploited to sell services (and vice-versa). The use of this relationship capital with buyers is costly to the manager and likely to be non-verifiable by the firm.
In this paper, we demonstrate how capital budgeting and managerial compensation contracts can be jointly designed to help mitigate these information and incentive problems in a multi-division firm. In our model, the optimal managerial compensation contract is linear in both divisions' cash flows. Moreover, the firm provides more capital, greater performance-based pay, and a lower salary to division managers when they report (truthfully, in equilibrium) that their project is higher quality. The lower salary combined with higher performance-based pay effectively encourages truthtelling by making the managers "buy" shares in the project cash flows when they are very optimistic.
In general, the firm invests too little capital and managers allocate too few resources (relative to first-best) to both divisions and this underinvestment problem is more severe when both divisions have relatively poor investment opportunities, the asymmetric information between headquarters and division managers is greater, division managers have more firm-specific human capital, and division managers have less performancebased pay. We also show that investment in one division is positively related to the quality of investment opportunities in other divisions and this relation is stronger when managerial resource sharing is more important, division managers have more discretion, and division managers have more firm-specific human capital. These predictions suggest refinements to the empirical literature examining the sensitivity of investment in one division to the cash flows and investment opportunities of other divisions in the firm (e.g., Lamont, 1997; Shin and Stulz, 1998) . The excess sensitivity of investment to the cash flows of other divisions implies that multi-division firms will invest more (less)
in a division than a single-division firm when other divisions in the firm are expected to perform well (poorly). Finally, we derive novel implications for the composition of division manager compensation contracts. For example, consistent with the empirical evidence in Bushman, et al. (1995) and Keating (1997) , we predict that division managers will receive relatively more firm-level performance pay compared to division-level performance pay when they control resources that are more valuable in other divisions.
There is a large theoretical literature examining optimal capital budgeting mech- to multi-division firms with productive and information interactions among divisions.
Harris, Kriebel, and Raviv (1982) and Antle and Eppen (1985) present models of multidivision firms in which the division manager has private information about the production technology and a preference for capital. These papers do not consider optimal managerial compensation mechanisms but rather focus on the role of transfer prices in allocating capital across divisions. Harris and Raviv (1998) present a model of a singledivision firm with multiple investment projects in which the division manager has private information and a preference for capital. Headquarters can learn the information through a costly audit. The optimal mechanism trades off the distortion due to decentralized information and managerial preference for capital against the costs of (endogenously determined) probabilistic auditing. As in Harris, Kriebel, and Raviv (1982) , they find regions of under-and over-investment, whereas we find only under-investment. These different predictions follow from their assumption of exogenous compensation contracts (see Bernardo, Cai, and Luo, 2001 ). Finally, Rajan, Servaes, and Zingales (2000) propose a theoretical model of internal capital markets in which division managers exhibit rent-seeking behavior. In contrast, we consider agency costs due to asymmetric information and managerial moral hazard. Their model assumes managerial incentive schemes are exogenously determined whereas we derive jointly the optimal capital budgeting and managerial compensation mechanism.
The remainder of the paper is organized as follows. Section 2 presents our model. Section 3 derives the first-best capital and managerial resource allocations to be used as a benchmark for the optimal second-best mechanism derived in Section 4. Section 5 discusses the important features of the second-best mechanism and provides directions for future empirical work on capital budgeting and managerial compensation. Section 6 examines the robustness of our capital underinvestment result to alternative specifications for managerial preferences. Section 7 concludes and gives direction for future research.
The model
We consider a firm run by a headquarters acting in the interest of the firm's risk-neutral shareholders. Headquarters has unlimited access to capital and two investment projects.
The optimal amount of capital to invest in each project depends on its quality, which is unknown to headquarters. Headquarters, however, can hire a risk-neutral manager for each project who can add value in two ways: first, they have information about their own project's quality (which may also be relevant for assessing the other project's quality) and second, they have access to resources which can enhance the cash flows of either or both projects. The deployment of such resources is assumed to be privately costly to the manager. Examples of managerial resources include key personnel, scarce and valuable assets (e.g., distribution network), or access to a relationship (e.g., suppliers and buyers).
For what follows, we will use the standard terminology in the principal-agent literature and refer to such resources as the manager's own "effort". The key point is that the use of managerial resources ("effort") enhances cash flows but imposes costs on the manager who controls them (e.g., restricts its use in an alternative pet project, depletes valuable political capital) and cannot be contracted upon.
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Once hired, each manager is asked to report (simultaneously) her private information to the headquarters, which then chooses the capital allocation to each project based on both reports. Specifically, we assume the project cash flows, denoted V i for project i = 1, 2, are given by:
where the subscript j = 2 (j = 1) when i = 1 (i = 2).
In this specification, k The i are independent noise terms with mean zero. Finally, n ≥ 0 is a constant that ensures it is always worthwhile to invest some capital in each project in the socially efficient solution. 
is decreasing in t. It is well known that many common distributions such as the uniform and (truncated) normal distribution have increasing hazard rates.
For tractability, we assume a specific functional form for the managers' (private) cost of effort; specifically, the division managers' expected utilities are given by: In Section 6, we examine the effect of including managerial The headquarters' problem is to maximize the expected payoff to shareholders, the residual claimants of the cash flows from the two projects. We assume there are no conflicts of interest between headquarters and shareholders because these issues are not central to our thesis. Headquarters can use two instruments, capital and compensation, to provide incentives for the division managers to tell the truth about project quality and to provide effort. Specifically, headquarters designs an optimal mechanism consisting of (i) a capital allocation policy k The sequence of moves of the game is as follows:
date 0: Headquarters offers managers a mechanism {w ) paid to division managers.
We make the standard assumption in these types of models that headquarters can commit to the capital allocation scheme offered to the managers at date 0. Absent a commitment device, it would be optimal for headquarters to allocate a different level of capital at date 2 than the amount offered at date 0. If the managers knew this, however, they would not report truthfully. Headquarters' commitment could be the result of (unmodelled) reputational concerns if it intends to play such a game repeatedly (potentially with other managers) in the future. Finally, as is standard in all models with asymmetric information and risk-neutral agents, it is critical for what follows that each division manager observes her private information prior to date 0; otherwise, it would be optimal for the headquarters to sell the firm to the managers because there is no asymmetric information at the time of contracting and the risk-neutral managers are equally efficient at bearing the project quality risk as the risk-neutral headquarters. One plausible example of our timing assumption is that at the time each division manager is hired or promoted, she has knowledge of external factors (e.g., market demand, competitors' strategies, industry trends, etc.) relevant to the cash flows of projects the firm may consider in the future. Another possibility is that the firm recently acquired one of the divisions and kept its manager to run it in the future. The firm must then choose the appropriate capital budget for the division and the manager's compensation with the understanding that the manager already has private information about the quality of the division's existing and potential investment projects.
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Before we proceed, we make the following parameter assumptions throughout the paper: given by:
The proof is in the Appendix. It is intuitively clear and straightforward to show that, in the first-best outcome, the capital allocations and managers' effort allocations increase in α and β (importance of effort), increase in δ and φ (importance of project quality), increase in t 
Second-best outcome
We now solve for the headquarters' optimal mechanism, under the assumption that it cannot contract on the managers' private information, t . By the Revelation Principle we can, without loss of generality, restrict our attention to direct revelation mechanisms in which both division managers report their information truthfully. Thus, the headquarters' mechanism design problem can be stated as: , are ex post optimal for the division managers.
The first incentive compatibility constraint (IC1) requires that the division managers' effort allocations are ex post optimal. The second incentive compatibility constraint (IC2) requires that it is optimal for division managers to report truthfully given that the other division manager will also report truthfully. The constraint (IR) is the standard interim individual rationality constraint, requiring that for each division manager type
, her expected equilibrium payoff should be at least as large as her outside reservation utility,Ū . The last constraint (NN) requires that capital allocations and effort allocations are non-negative.
Proposition 2. The headquarters' maximum expected payoff is
The optimal mechanism can be implemented in dominant strategies by the following capital allocation policy and linear compensation scheme:
The managerial effort allocations implemented are:
The proof is in the Appendix.
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The optimal mechanism can be implemented by a linear managerial compensation incentives when all agents are risk-neutral. In contrast, noise terms do affect the fundamental tradeoff between providing incentives and risk-sharing in models with moral hazard and risk-averse agents and thus affect the optimal contract in these settings (e.g., the informativeness principle). We include the noise term because it shows that our results hold more generally (deterministic cash flow is a special case) and it is natural to assume that cash flows are subject to measurement errors and other random shocks.
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The following corollary illustrates some important features of this mechanism.
Corollary 1. Monotonicity and comparative statics
(i) The mechanism {a The proof is in the Appendix. The optimal mechanism allocates more capital and greater profit-sharing to the managers when they report a higher project quality. More capital and profit-sharing are also offered to manager i when manager j reports a higher project quality. To induce truthtelling, the salary component of the compensation scheme is lower for higher reported project qualities.
The comparative statics for the optimal mechanism can be understood by considering the benefits and costs of providing capital and profit-sharing. On one hand, the marginal benefit of providing capital to project i increases in the project quality (δt in the Appendix (see Equation (8)) that incentive compatibility for manager i requires:
This states that to induce truthtelling, manager i of type t Thus, an increase in quality, t i , increases (decreases) the marginal benefit (cost) of capital and profit-sharing; therefore, capital, effort, and profit-sharing will increase. An increase in the impact of the managers' effort, α and β, increases the marginal benefit of capital and profit-sharing; therefore, capital, effort, and profit-sharing will increase.
On the other hand, an increase in the cost of effort, γ, reduces the marginal benefit of profit-sharing and reduces the marginal product of capital (since effort and capital are complementary); therefore, capital, effort, and profit-sharing decrease. Finally, an increase in the importance of private information, δ and φ, increases the marginal benefit of capital; however, it also raises the marginal cost of providing capital and managerial incentives, especially for low-quality projects. Thus, for high-project qualities the former effect dominates and capital allocations increase whereas for low-project qualities the latter effect dominates and capital allocations decrease.
The information rents specification in Equation (1) For what follows it will be useful to interpret the key parameters in our model: α, β, δ, φ, and γ. The parameter α represents both the importance of unverifiable managerial resources (heretofore labelled "effort") for the manager's own project cash flows and the degree of complementarity between these resources and capital, thus we expect α to be greater, for example, when managers have firm-specific human capital. The parameter β represents the importance of managerial resources for the cash flows of other projects in the firm, thus we expect β to be smaller in more diversified firms. The parameters δ (φ) represent the importance of the division managers' information for her own (other)
project's cash flows. We expect δ to be greater when asymmetric information between headquarters and the managers is more severe (e.g., R&D on a new drug or technology), and φ to be greater when there are common factors affecting project cash flows (e.g., market demand in adjacent sales regions, industry trends). Finally, the parameter γ represents the managers' effort cost; however, an alternative and more empirically useful interpretation of 1/γ (more generally, the inverse of the second derivative of the cost function 1/C (e)) is the responsiveness of unverifiable actions to an increase in incentives (Milgrom and Roberts, 1992) . In this interpretation, γ is higher when the managers have less discretion over job tasks.
Investment in Capital and Managerial Resources
The following implication demonstrates that in the second-best mechanism headquarters provide too little capital and managers provide too little effort relative to the first-best allocation.
Implication 1:
(i) The capital allocation is lower than the first-best solution. For each division, the underinvestment in capital is most severe for low-quality projects, becomes less severe when either manager's report increases, and vanishes for the highest possible quality projects. For a given project quality, the underinvestment decreases in γ, and increases in α, β, δ and φ.
(ii) Managerial effort is lower than the first-best solution. For each division, the underutilization of effort is most severe for low-quality projects, becomes less severe when either manager's report increases, and vanishes for the highest possible quality projects. For a given project quality, the under-utilization of effort in the managers' own project decreases in γ, increases in β, δ and φ, and is ambiguous in α; and the under-utilization of effort in the other project decreases in γ, increases in α, δ and φ, and is ambiguous in β.
The proof is in the Appendix. As we demonstrated above, incentive compatibility (in the second-best mechanism) requires that when the firm increases its capital allocation to any manager it must also increase the information rents to all higher-type managers. This makes the marginal cost of providing capital high, especially for low-quality projects. Consequently, there is underinvestment of capital in the optimal mechanism (relative to the first-best) and the underinvestment problem is more severe for lower quality projects. By allocating less capital and less profit-sharing to low-quality projects, headquarters reduces the incentive costs for high-quality projects where it matters most.
From Equation (1) we see that the marginal cost of providing capital is more severe when δ and φ are larger, thus the underinvestment problem is more severe when there is more asymmetric information. Moreover, the marginal cost of providing capital is higher when profit-sharing is higher and the latter increases in α and β and decreases in γ. Thus, the underinvestment problem is more severe when managerial effort is more important and when the managers have more discretion. Finally, managerial effort allocations are increasing in the managers' profit share and the capital allocated to each project.
However, since the second-best mechanism provides too little capital and less-than-full profit-sharing, managers also provide too little effort relative to the first-best.
Our underinvestment result contrasts with Raviv (1996, 1998 ) and Harris, Kreibel, and Raviv (1982), who found that overinvestment occurs for the lowest quality projects while underinvestment occurs for the highest quality projects.
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Furthermore, our result is consistent with the evidence that firms adopt higher hurdle rates of return than predicted by standard finance theory (Poterba and Summers, 1992) . Several other theories are consistent with this prediction including, for example, real options models in which there is value to waiting to invest in a project. However, our model makes further predictions which distinguish our theory from the others. For example, we predict that the underinvestment problem in a given division is more severe when (i) asymmetric information between headquarters and the division managers is greater (larger δ and φ), (ii) the division is more human-capital intensive (larger α), and (iii) the other divisions in the firm are performing poorly. For example, we predict that the difference between observed hurdle rates and predicted hurdle rates will be large for companies with high R&D expenses because project managers/scientists in these firms typically have considerable private information and firm-specific human capital.
Moreover, the underinvestment problem is associated with the division managers receiving less performance-based pay. Consistent with this prediction, Palia (2000) finds empirical evidence that underinvestment in relatively strong divisions of diversified firms is less severe when the division managers have a higher percentage of the firm's equity in options and shares. Interestingly, in our model division managers receive greater performance-based pay because they manage higher quality projects, not necessarily that greater performance-based pay causes firm value to increase. Thus, we argue that one must be careful interpreting results such as those found in Palia (2000) 
Implication 2:
(i) The capital allocated to each project is more sensitive to the other manager's information in the second-best solution than in the first-best solution.
(ii) The difference in sensitivity to the other manager's information is stronger for higher α, β, and φ; and lower γ.
The proof is in the Appendix. The intuition for result (i) is that positive information about t 2 has two effects on the capital allocated to project 1: first, high t 2 also implies that project 1 has better prospects so more capital is allocated to it, and second, since manager 2 is a higher-type the firm optimally provides higher-powered incentives for her to provide effort to both projects. The extra effort given by manager 2 in project 1 increases the marginal product of capital in project 1. The first effect is present in both the first-best and second-best mechanisms whereas the second effect provides a motivation for increasing the capital allocation to project 1 not present in the first-best solution. Consequently, the optimal amount of capital to allocate to project 1 is more sensitive to the quality (cash flows) of project 2 in the second-best mechanism.
The sensitivity of investment in one division to the cash flows and investment op- 
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A key element of the Shin-Stulz argument is that the firm is capital constrained. argue that we should expect investment in one division to be insensitive to the investment opportunities of other divisions if these other divisions' investment opportunities are independent (just as Shin and Stulz observed). Moreover, we predict that the sensitivity of investment in one division to the investment opportunities in another division should be greater when divisions are more related (larger β and φ), managers have more discretion (smaller γ), and managers have more firm-specific human capital (larger α).
Managerial Compensation
For what follows, we re-write each manager's wage contract:
Thus, we can interpret the coefficient b The following implication considers the use of division-level performance pay both in absolute terms and in relation to firm-level performance pay (i.e., The proof is in the Appendix. The intuition for part (i) is that when managerial effort is valuable in many divisions the firm wants to provide incentives for the managers to give effort in many divisions by emphasizing firm-level performance pay. The intuition for part (ii) is that when δ is large, information rents are high to induce truthful reports on the division managers' own division thus the firm again de-emphasizes division-level performance pay. Our implication is consistent with the empirical work of Bushman, et al. (1995) who find that the use of firm-level performance pay is increasing when divisions (groups) are more related whereas unrelated division manager pay is more closely related to division performance. Keating (1997) also finds that the use of firm accounting metrics in division manager compensation is positively related to the impact the manager being evaluated has on other divisions in the firm. is positively correlated across divisions.
Comparison of multi-division firm to single-division firm
We now compare capital allocations in single-division and multi-division firms. To do so, we assume that division 1 of our multi-division firm has a single-division counterpart which obtains some market-average effort (i.e., managerial resource) spillover e , consider a firm consisting of an auto assembly division and an auto engine division that splits into two single-division firms. Even though the two separate firms may not be able to co-ordinate and utilize the resource spillovers as well as the headquarters of the two-division firm can, they probably maintain close business relationships through market transactions and some of the spillovers should still be realized.
Under these assumptions, it can be shown that the optimal capital allocation in the second-best mechanism for the single-division firm is given by:
We are interested in comparing investment policies in a multi-division firm to a singledivision firm holding project quality constant. We implement this strategy by holding , to the investment in division 1 of the multidivision firm, k 1 (in Proposition 2), we get the following implication.
Implication 6:
The multi-division firm invests more (less) in a division than a single-division firm when other divisions in the multi-division firm are performing well (poorly). On average, the multi-division firm invests more than the single-division firm when managerial effort is more valuable in other divisions (larger β).
The proof is in the Appendix. The first statement follows closely from our Implication 2. The intuition for the second statement is that each division in the multi-division firm derives benefits from the other division manager's effort (and these benefits increase in β) but also pays greater information rents in order to get the other division manager to report truthfully. For large β, the effort benefits exceed the information rent costs.
Alternative Managerial Preferences
We now check the robustness of our results to alternative specifications for managerial preferences. In our model, we chose to consider the importance of asymmetric information and managerial moral hazard. Another well-accepted and reasonable conflict that might emerge between shareholders and management is managerial preference for capital. This may reflect enhanced reputation from controlling bigger projects, a preference for "empire-building," or greater perquisite consumption that comes from running a larger business. One reasonable specification is to assume that the managers derive utility from monetary rewards and from controlling large (high k), high quality (high t) projects so that managerial preferences are given by: With these modified managerial preferences and everything else being identical to our earlier model, it is straightforward to show that the first-best capital allocation is:
The first-best capital allocation increases in the managerial preference for capital, η, because the headquarters can internalize the managers' preference perfectly by reducing her salary (negative compensation may be needed).
With asymmetric information and moral hazard, it can be shown that maintaining incentive compatibility in the second-best mechanism requires:
Comparing this to Equation (1) we see that the marginal cost of providing capital increases with η. Applying the same method of solving for the optimal mechanism, the second-best capital allocation is given by:
Thus, underinvestment in the second-best solution is
Clearly, k
from Implication 2 we can see that the (over-)sensitivity of investment in one division to the other manager's information (relative to the first best) is unchanged with preferences for capital. Summarizing we have the following result:
Proposition 3. Managerial preference for capital exacerbates the underinvestment problem but has no effect on the cross-division (over-)sensitivity of investment to information (relative to the first-best solution).
The discussion above indicates that managerial preference for capital has only secondary effects on capital budgeting, and its effects operate through its impact on the optimal incentive scheme to control for asymmetric information and moral hazard. 
point can be made clearer if we modify the managers' preferences for capital and ignore the project "quality":
In this case, managers have no control over the "control benefits" (ηk i ), thus the costs of maintaining incentive compatibility are identical to our main model in which managers have no preferences for capital. With this specification, headquarters can internalize managerial preferences for capital perfectly even in the second-best solution and the underinvestment problem will not be exacerbated.
Conclusions
Firms make capital budgeting decisions based on the reports of project (division) managers. In many cases, these reports can neither be independently verified before significant capital investments are made nor contracted upon ex post. Moreover, the eventual success of these projects may also depend on the (unverifiable) energy and resources ("effort") devoted to it by managers throughout the firm. In such cases, the firm must put in place explicit incentives for managers to provide truthful reports and to utilize and share resources efficiently.
In this paper, we examined the extent to which capital budgeting and managerial compensation mechanisms can mitigate these information and incentive problems in a multi-division firm. In the optimal mechanism, firms underinvest in capital and managers underinvest resources in all divisions. Moreover, this underinvestment problem in one division is more severe if the division has poor prospects, the other divisions in the firm have poor prospects, asymmetric information between headquarters and all division managers is more severe, and managers have a preference for capital (i.e., managing larger divisions).
We believe our model is best suited to cases where division managers request capital infrequently (e.g., R&D on a new drug). In such cases, compensation schemes such as shares in the firm (with restrictions on selling) or stock options (with a long vesting period) are likely to provide powerful incentives for managers to report truthfully their private information and allocate efficiently the resources under their control. However, our model is not well-suited to cases in which division managers request capital frequently. In such cases, reputation effects provide powerful incentives because the firm can always deny managers future capital requests if their earlier analyses were off the mark. In future research, we would like to determine the extent to which such reputation effects substitute for explicit managerial incentives in the capital budgeting process.
Proof of Proposition 1. In the first-best, headquarters maximizes total expected surplus:
−0.5γ(e ).
The first-order (necessary) conditions are (taking derivatives with respect to k We then demonstrate that this lower bound is identical to the upper bound derived in
Step 1 and thus the headquarters' optimal mechanism can be implemented with the linear compensation scheme.
Step 1: Let e * 
Note that by Equation (2), if the division managers report truthfully {t 
(ii) ∀{t
) is the utility to manager i who reportŝ
, has true type t i , and assumes that the other manager is reporting her true type; can be expressed as:
Thus the cash flows are independent of the true types (t follows. Note also that the compensations may be written as w
so we can write
The (IC2) constraint in (P2) now states that conditional ont
By the Envelope Theorem, the (IC2) condition implies
Integration yields
By the (IR) constraint, it must be that U 
Point-wise differentiation of the integrand gives the following first order conditions
Thus,
,
The s.o.c. holds under Assumption (A1). The maximized integrand in Equation (4) is given by
It is easy to check that {k . By standard arguments (Mirrlees, 1971) , the (IC2) constraint is satisfied. Plugging Equation (6) into EΠ, the headquarters' expected payoff can now be expressed as
Under Assumption (A2), it can be checked that the solution {k 
− 0.5γe
It can be easily checked that the maximized integrand in this case is
Similarly we can derive the maximized integrands in other cases involving binding (NN)
constraints: is globally optimal, it is also greater than any combination of other M 's mixed over different regions of (t
). This implies that the mechanism given by Equation (6) gives greater expected payoff to the headquarters than any other mechanism that involves binding (NN) constraints. Therefore, Equation (6) gives an optimal mechanism for Program (P2).
Since (P2) is a relaxed program of (P1), we must have is given by Equation (7) and EΠ P 1 is the headquarters' maximum expected payoff in the original program (P1).
Step 2: Now we go back to the original program (P1), but restrict our attention to a class of mechanisms with linear compensation rules: On the other hand, note that the optimal linear mechanism satisfies all the constraints in (P1) hence it is a feasible mechanism of (P1) so it follows that
Combining these two, we have EΠ , so the optimal linear mechanism is an optimal mechanism in Program (P1).
So far we have studied the Bayesian Nash implementation of the headquarters' mechanism design problem. Since the optimal mechanism is monotonic in both t We now prove that salary a Q.E.D.
Proof of Implication 1:
Using the solutions for the first-best capital allocation, k
, and the second-best capital allocation, k i , from Propositions 1 and 2 we have:
implying capital underinvestment in the second-best mechanism. Since dµ 
Proof of Implication 2:
Using the solutions for the first-best capital allocation, k 
